Objective: To evaluate the validity of currently recommended obesity cutoffs of body mass index (BMI, in kg/m 2 ) and waist circumference (WC, in cm) for Asians by the WHO/IASO/IOTF and for Chinese by the Working Group on Obesity in China (WGOC) using the percentage body fat (%BF)-obesity criteria. Design: A cross-sectional study. Subjects: A total of 1122 community-based Hong Kong Chinese women aged between 41 and 63 years. Measurements: Total %BF and percent truncal fat (%TF) were measured using dual-energy X-ray absorptiometry. Anthropometric indices were measured using standard methods. Results: Regression analyses showed that the BMI cutoffs of 23, 24, 25, and 28 kg/m 2 corresponded to the %BF of 34.8, 35.9, 36.9 and 39.5%, and the 80 cm WC corresponded to 34% TF, respectively. Compared with the %BF obesity cutoff (X40%), the WHO/IASO/IOTF BMI-obesity criterion (X25) shows a good sensitivity (75%) and specificity (71%); and the WGOC criterion (BMIX28) had a low sensitivity (41%) but an excellent specificity (93%), respectively. Corresponding to the BMI cutoffs of 23, 24, 25 and 28 kg/m 2 , the %BF cutoffs associated with peak k statistic were 33, 34, 35 and 40%, and the relevant %TF linked with 80 cm WC was 33%, respectively. Conclusion: BMI and WC have a good accuracy in the prediction of obesity. Our findings suggest that the WGOC BMI cutoffs are appropriate, but 80 cm of WC is a very rigorous cutoff for this population when using the criteria of 34 and 40% of body fat or truncal fat for overweight and obesity.
Introduction
Obesity is defined as a condition with an excess of body fat, and is strongly correlated with the risks of metabolic syndrome, cardiovascular risks and early death. [1] [2] [3] Obesity is a global health problem with increasing prevalence in many parts of the world. [4] [5] [6] [7] Accurate classification of obesity is important for both the individual and health professionals in risk assessment and weight management. Although body composition or percentage body fat (%BF) can be measured by using several approaches, such as, underwater weighing, body densitometry, bioelectrical impedance analysis, magnetic resonance imaging, isotope dilution method, etc., 8 such methods are complicated and costly, and none has been widely used in individual or epidemiological settings, particularly in developing countries. Body mass index (BMI, in kg/m 2 ) and waist circumference (WC, in cm) are so far the most common anthropometric indices used for the classification of general and central obesity, 4, 9 and for the prediction of cardiovascular risks. 1, 2, 10 WHO defines overweight and obesity at BMI cutoffs of 25 and 30 kg/m 2 for Caucasian populations. 4 Previous studies
showed that the Chinese and many other Asian populations have a lower BMI but a higher percentage of body fat than Caucasians of similar age and sex. [11] [12] [13] As such, the BMI cutoffs in Asian population need to be adjusted to lower values. Owing to the limited available information, there is yet no consensus on the appropriate BMI criteria of overweight and obesity for the Asian populations. 14 In 2000, the Western Pacific regional office of the WHO, International Association for the Study of Obesity, and the International Obesity Task Force (WHO/IASO/IOTF) released recommendations on operational BMI definitions for overweight (23.0-24.9 ) and obesity (X25.0); and central obesity based on WC (X80) for the Asian populations. 9 As This study aims to examine the validity of BMI and WC obesity cutoffs recommended by the WHO/IASO/IOTF and WGOC using the percentage DXA (dual X-ray densitometer) measurements of body fat and central obesity measured as a reference standard using DXA in a large community-based sample of middle-aged Chinese women in Hong Kong.
Subjects and methods

Subjects
A total of 1122 female subjects aged 41-63 years, who had participated in the baseline assessments in three longitudinal studies of bone mass were included in this study. They were recruited from the local community-based population during 1996 17 and 1999-2000. [18] [19] [20] Inclusion in the study required that subjects be ambulatory with no medical conditions known to affect bone health. For the first cohort, 2125 women were identified and interviewed through telephone dialing of a random sample of the numbers listed in the Hong Kong residents' telephone directory (whole region). 17 Of them, 437 (271 pre-, 62 peri-and 104 postmenopausal) Chinese women aged 41-55 years completed bone scanning. There was no significant difference in the characteristics (i.e., age, BMI, menopausal status, education level, etc.) between the 437 subjects participated bone study and those interviewed only. For another two cohorts, the 685 postmenopausal Chinese women aged 48-63 years and within 12.5 years of natural menopause. Subject recruitment was described in detail in previous reports, [18] [19] [20] In brief, the study participants were community subjects residing in housing estates in Shatin (a town district with a total population of B630 000), Hong Kong SAR. Stratified-cluster sampling method was used to select the housing estates in the Shatin district. Method of recruitment included both door-to-door as well as written invitations placed in mailboxes. Premenopausal women were defined as those with regular menstrual cycle. Perimenopaue and postmenopause were defined as less than, or at least 12 months since the last menstrual cycle, respectively. The protocol was approved by the Ethical Committee of the Chinese University of Hong Kong, and written informed consent was obtained from each subject. Questionnaire interview and anthropometric measurements. Individual information was collected by trained interviewers with face-to-face interviews based on a structured questionnaire on sociodemographic data. [18] [19] [20] [21] Height was measured to the nearest 0.5 cm, and weight to the nearest 0.1 kg in light clothing and without shoes. BMI was calculated as weight (kg)/height (m) 2 . WC was measured, with participants standing and with light clothing, at the level midway between the lower rib margin and the iliac crest and with the participant breathing out gently, as in the WHO MONICA Project. 22 Measurements for WC were performed twice to the nearest 0.5 cm, and the mean of the two measurements was used for subsequent analysis.
Body fat measurements
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Statistical analysis Descriptive statistics were computed for the studied factors, including age, body weight and height, waist circumference, %BF, %TF, years since menopause. Pearson correlation coefficients and several regression models (linear, quadratic, cubic, logarithmic and inverse) were used to examine the relationships between %BF at the whole body and trunk region and BMI or WC. Only inverse regression model was presented in this study since it was the simplest and best model describing the relationships. The validity of BMI-and WC-obesity was determined by their sensitivity and specificity as compared with %BF-obesity. Sensitivity was defined as percent of agreement between BMI-or WC-obese and %BF-obese subjects (X35% in women). Specificity was defined as percent of BMI-or WCnonobese in nonobese subjects according to %BF definitions.
Receiver operating characteristic (ROC) analysis was used to show the change in sensitivity/1-specificity pairs according to changes in the cutoffs for BMI-and WC-obesity. The ROC analysis demonstrated the overall discriminatory power of a diagnostic test over the whole range of test values. The area under the curve (AUC) is the measure of separability of two probability distributions (classifying functions): excellent for AUC values bigger than 0.9, good for 0.8-0.9, fair for 0.7-0.8, poor for 0.6-0.7 and fail for values smaller than 0.6. An AUC of 1.0 or 0.5 represents a perfect or a useless test. Youden index ( ¼ sensitivity þ specificityÀ1) was used to assess the cutoff producing the maximized overall diagnostic effectiveness. We used also k statistic to compare the observed agreement beyond chance. SPSS (Release 12, SPSS Inc., Chicago, USA) was used for the analyses.
Results
A total of 647, 101 and 373 subjects were housewife, white-collar and blue-collar workers, and 70, 492, 465 and 95 women had highest educational level of no formal, primary, secondary and postsecondary, respectively. The study population had quite similar work status, but lower proportion of no formal education, as compared with that of Hong Kong women of similar age group in 1999. The subjects had a mean age (s. (Table 1) . Based on the BMI-obesity definition for Asians, 22.6, 32.1 and 6.8% of the subjects were classified as overweight, obese I and obese II and 51.1% considered to be centrally obese by WC (X80 cm).
After controlling for age, weight correlated best with total body fat (r ¼ 0.89), but BMI and WC showed better correlation with %TF than with %BF (Table 2) . Regression model showed 1/BMI or 1/WC had moderately stronger association with %TF than with %BF. Only 41 and 37% of the variations of %BF, and about half of the variability of %TF could be Figure 2 ). When using %BF X34% as the reference criterion of overweight, the sensitivity of the current obesity-cutoffs of BMI of X23 and 23 kg/m 2 or WC X80 cm, were 79, 69 and 68%, and the specificity values were 68, 76 and 68%, respectively, (Table 3) . On using %TF X34% as the reference method, the relevant values for sensitivity were 84, 75 and 75%; and specificity 64, 73 and 75%, respectively. As compared with the %BF obesity cutoff of X40%, the sensitivity of current obesity-cutoffs of BMI of X25 and 28 kg/m 2 were 75 and 41%, and the specificity were 71 and 93%, respectively. The ROC analyses showed that BMI and WC had a good power in the diagnosis of obesity. The AUC of BMI and WC and %BF-obese (X40%) or %TF-obese (X40%) were 0.812 (BMI-obese vs %BF-obese), 0.826 (WC-obese vs %BF-obese), 0.784 (BMI-obese vs %TF-obese), and 0.818 (WC-obese vs %TF-obese) (Figure 3) . In comparison to %BFX40% and %TFX40%, the BMI and WC cutoffs with maximal Youden index were 25.6 and 25.4 kg/m 2 (BMI), and 83.3 and 83.8 cm (WC), respectively. To identify the %BF cutoffs that yielded best agreement (peak k statistic) with the recommended BMI or WC cutoffs, we performed agreement analyses using various cutoffs (from 30 to 41%) of %BF and %TF as the reference criteria. In comparison to BMI-23, 24, 25, 28 and WC-80, the %BF cutoffs that produced peak k statistics were 33, 34, 35, 40 and 34%; and the relevant %TF cutoffs were 32, 33, 37, 40 and 33%, respectively. The peak k values of the comparability tests ranged between 0.36 and 0.53. (Figure 4 ) 12 As expected, the %BF cutoffs corresponding to the specified BMI cutoffs were much lower than those derived from Western populations. [23] [24] [25] Our findings are consistent with previous studies.
Validity of classification of obesity in Asian population
11 -13 As compared with the %BF obesity cutoff (X40%), the WHO/IASO/IOTF BMI-obesity criterion (X25) shows a Figure 3 Receiver operator characteristic (ROC) curve of body mass index-obesity (BMI-ob) and waist circumference-obesity (WC-ob) versus % total body fatobesity (%BF-ob) and % truncal fat-obesity (%TF-ob) among middle-aged women. BMI-obesity and WC-obesity cutoffs are indicated on the curves. %BF-ob and %TF-ob were defined as percent fat over or equal to 40% at the relevant sites. AUC: area under the curve. The ' ' maker shows BMI or WC cutoffs with the maximum Youden index (sensitivity þ specificityÀ1). 
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Since the sensitivity and specificity cannot exclude chance agreement, we used k statistic to identify the %BF or %TF cutoffs that yielded best agreement with the recommended BMI and WC cutoffs. We examined the k statistics between various %BF cutoffs (30-41%) and the recommended BMI cutoffs. Corresponding to the BMI cutoffs of 23, 24, 25 and 28 kg/m 2 , the %BF values that point to peak k statistic were 33, 34, 35 and 40%, and the relevant %TF value linked with the WC of 80 cm was 33%, respectively. Since k statistics corrects for chance agreement, 26 these results would provide additional support to the sensitivity and specificity results. However, only fair to moderate agreements were observed based on the peak k statistics (0.36-0.53). 26 Thus BMI does not seem to be a good predictor of obesity. Compared with the %BF obesity cutoff of 40%, the corresponding BMI cutoff of 28 kg/m 2 had excellent specificity (91%) and negative predictive value (86%), but it could only detect 41% of %BF-obese subjects. A large proportion of obese subjects would thus be under-diagnosed. On the other hand, only 59% of the BMI-obese subjects were truly obese by the %BF criterion. Further assessment of body composition would be helpful for BMI-obese or overweight individuals for the diagnosis of obesity and prediction of health risks. As obesity is defined as a condition with an excess of body fat mass, the %BF should thus be the gold standard for the classification of obesity. However, there is yet no consensus on the %BF standard for overweight and obesity due to the absence of appropriate prospective studies linked with morbidity and mortality, or the lack of large cross validation studies. Several %BF cutoffs of 30, 35, 38 and 40% were used as reference obesity cutoffs, but no rational justification had been made in previous validation studies. 24, 25, 27 Gallagher et al. 23 In this study, we chose the %BF cutoffs of 34 and 40% developed by Gallagher et al. 23 as the reference standards for overweight and obesity. These values were chosen taking into consideration the relatively large sample size, as well as the use of regression models and %BF assessments that were similar to our study. Owing to no consistent %BF cutoffs are yet available, its variation would certainly affect the validity of the results of ROC, sensitivity and specificity analyses, rather than the results of regression and k statistics. WC is a widely used simple anthropometric index to identify central obesity. Both WHO/IASO/IOTF and WGOC recommended a value of 80 cm as central obesity cutoff for women in Asian-Pacific region and Chinese. 9, 15 The validity of WC in the diagnosis of abdominal obesity is not well known in Asians. In this study, percent abdominal fat was estimated using %TF as measured by DXA. Generally, WC had a close correlation with %TF, and could explain more than 50% of its variations. Figure 4 Accuracy of BMI and WC diagnosed obesity as compared with that by percent fat at whole body and trunk with various cutoffs.
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This study is conducted only among middle-aged Chinese women, thus eliminating potential inequities associated with age, gender and ethnicity. However, this is also a limitation of the study, as previous studies have demonstrated that BMI is age, sex and race dependent when used as an indicator of body fatness. 23, 32 It would thus be inappropriate to generalize the results to other age-and gender-groups without further validation. Moreover, the cutoffs of BMI and WC based on percentage and truncal fat for a population are useful, but further information and researches would be required to better predict health risks for individuals. However, to our knowledge, our study was the largest population-based study examining the association between DXA-%BF and BMI among this age-and sex-specific population. The results from this large sample will contribute to existing knowledge regarding the diagnosis of obesity in the Asians.
In conclusion, BMI and WC have a good accuracy in the prediction of obesity. The cutoffs of 33, 34, 35 and 40% of %BF are equivalent to the 23, 24, 25 and 28 kg/m 2 of BMI, and the 33% of %TF is equivalent to the 80 cm of WC in middle-aged Chinese women, respectively. Our findings suggest that the WGOC BMI cutoffs are appropriate, but the 80 cm of WC is a very rigorous cutoff for this population when using the criteria of 34 and 40% of body fat or truncal fat for overweight and obesity.
